S. aureus and S. epidermidis isolates contained mostly incomplete fragments of the element, and there were many more hybridizing fragments in methicillin-resistant than in methicillin-susceptible isolates. IS1272, which appears to be primarily resident in S. haemolyticus, has disseminated to multiple staphylococcal species and is prevalent in multiresistant isolates.
Insertion sequences (ISs) are transposable elements that carry no genetic information except that required for transposition. Terminal repeats and one or more genes encoding transposases seem to be the minimal essential components. Three IS elements have been described for staphylococci. IS256 is 1,324 bp long, contains a single open reading frame (ORF) of 1,173 bp, and has 26-bp terminal inverted repeats (7) . This element has been found in Staphylococcus aureus, coagulase-negative staphylococci, and enterococci. Two copies flank the aacA-aphD gene [also known as aac(6Ј)-aph(2Љ)], which encodes resistance to gentamicin, producing a composite transposon (Tn4001, Tn4031, Tn5281, and Tn5384) that has proven mobility (16, 19, 27, 32) . IS256 is also found occasionally in staphylococci and frequently in enterococci that are gentamicin susceptible, occurring as multiple insertions at different chromosomal loci (10, 28) .
The element described as both IS431 (3) and IS257 (15) is 790 bp long, contains a 675-bp ORF, and has 20-bp terminal inverted repeats (28) . It is found in both S. aureus and coagulase-negative staphylococci, almost exclusively in those isolates that are resistant to multiple antimicrobial agents. Copies flank genes encoding resistance to aminoglycosides, trimethoprim, quarternary ammonium compounds, mupirocin, tetracycline, heavy metals, streptogramin, and beta-lactams (5, 6, 12, 15, 20, 23, 28, 31) ; they are associated with the integration of entire plasmids into other replicons (6, 31) and are at either end of a plasmid-encoded gene cluster mediating conjugative transfer (22) . While neither the mobility of IS431 (IS257) itself nor its contribution to the formation of composite transposons has been directly demonstrated, target site duplications have been found at certain insertion loci (31) . In addition, copies of this element appear to serve as fixed sites for recombinational DNA rearrangements (23, 32) .
Finally, IS1181 is 1,985 bp long, contains a single 1,317-bp ORF, and has 23-bp terminal inverted repeats (9) . It has been found only in S. aureus; strains with up to eight distinct insertion sites have been identified, flanked by 8-bp target site duplications. Unlike IS256 and IS257, IS1181 has no identified association with antimicrobial resistance genes. These three IS elements have signatures and characteristics similar to those of ISs in other bacteria: they have multiple independent insertion sites, and some have been shown to provide mobility to antimicrobial resistance genes and/or create mutations by insertional inactivation.
We previously reported (1) that genes regulating the transcription of mecA, the gene mediating methicillin resistance in staphylococci, were partially deleted in some clinical staphylococcal isolates and that new DNA was present at the point of deletion. A probe (pGO198) made from DNA replacing the deleted regulatory genes mecR1 and mecI in S. aureus COL was found to hybridize to multiple ClaI restriction fragments in genomic DNA from isolates of Staphylococcus haemolyticus, a coagulase-negative staphylococcus that is characteristically resistant to multiple antimicrobial agents (1) . In the present report, we describe the nucleotide sequence of S. haemolyticus DNA hybridizing with pGO198 that has features of a new staphylococcal IS element. Using probes containing DNA from different portions of the element, which was designated IS1272, we identified the presence of all or part of the element in both methicillin-susceptible (MS) and -resistant (MR) isolates of S. aureus, Staphylococcus epidermidis, and S. haemolyticus.
MATERIALS AND METHODS
Bacterial isolates. S. haemolyticus Y176 and S. aureus COL, the isolates from which probe DNA was prepared, have been described previously (1) . The collection of clinical isolates used as a source of probe target DNA has also been described previously (1, 13 DNA manipulation. A genomic DNA library was made from S. haemolyticus Y176 in phage vector lambda DASH (Stratagene, La Jolla, Calif.) as previously described (1) . Plaques lifted onto nitrocellulose were probed with 32 P-labeled pGO198. As previously described (1), pGO198 is a 1,045-bp EcoRI fragment, ligated into pUC19, that was originally part of the DNA added at the site of the mecR1 mecI deletion in S. aureus COL.
DNA sequences were determined from double-stranded DNA templates by using the Sanger dideoxynucleotide chain termination method and Sequenase polymerase (United States Biochemical, Cleveland, Ohio). Sequence progression was accomplished by synthesizing successive primers.
All restriction endonuclease digestions and ligations were performed as recommended by the manufacturers and as previously described (1) . Plasmid DNA was introduced into Escherichia coli TB1 (33) by electroporation, also as previously described (1) , and purified for use as a probe by the Midi Protocol (Qiagen Inc., Chatsworth, Calif.) as described by the manufacturer.
PFGE. Pulsed-field gel electrophoresis (PFGE) was performed with a CHEF-DRII apparatus (Bio-Rad Laboratories, Melville, N.Y.). Bacterial lysis and digestion with SmaI were performed according to a recently described protocol for S. aureus (2) . Electrophoresis was performed with ramp times ranging from a 1-s initial pulse to a 30-s final pulse at 200 V for 20 h. DNA hybridization. Alkaline (capillary) transfer and the fixation of DNA on nylon membranes (Zeta-Probe; Bio-Rad, Hercules, Calif.) were performed per the manufacturer's directions. Membranes were incubated at 55ЊC for 1 h in a prehybridization solution containing 20ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 50ϫ Denhardt's solution, 0.3 M EDTA (pH 8.0), 10% sodium dodecyl sulfate (SDS), and denatured salmon sperm DNA. DNA probes were radiolabeled with [␣-32 P]dCTP (NEN-Dupont, Boston, Mass.) by nick translation (Gibco BRL, Gaithersburg, Md.). The appropriately radiolabeled DNA probe was added to the prehybridization solution, and each membrane was hybridized overnight at 55ЊC. The following day the membranes were washed twice, with each wash for 15 min at room temperature, first in 2ϫ SSC with 0.1% SDS and then in 0.1ϫ SSC with 0.1% SDS, before exposure to X-ray film at Ϫ70ЊC. Probes consisted of insert plus vector DNA, since vector sequences have been found not to hybridize with staphylococcal DNA.
Sequence analysis. The nucleotide sequence of IS1272 and the deduced amino acid sequences encoded by the two ORFs that were identified were compared with sequences in the GenBank and EMBL databases by using Genetics Computer Group (Madison, Wis.) programs.
Nucleotide sequence accession number. A partial nucleotide sequence of IS1272 is included in previously published sequences from S. aureus COL that characterized the DNA inserted at the point of mecR1 deletion (1). The complete IS1272 sequence, as presented in this paper, has GenBank accession number U35635.
RESULTS
Identification of an IS-like element. The pGO198 probe hybridized with multiple plaques produced from the lambda DASH library of S. haemolyticus Y176 genomic DNA. Four hybridizing plaques were purified and digested with restriction endonucleases to confirm that each clone was unique. Fragments hybridizing with pGO198 were identified in each clone, excised from gels, and ligated into pUC19. The DNA sequence was determined for each of the four clones with primers generated previously for nucleotide sequence analysis of DNA inserted at the point of mecR1 deletion in COL (1). The junction between unique DNA and DNA common to COL was found for all four lambda clones, thereby establishing the left end of the putative IS element as diagrammed in Fig. 1 . The right junction was established by finding a 16-bp inverted repeat of sequences at the left junction; the repeats and the rest of the intervening DNA were identical in all four S. haemolyticus lambda clones. As shown in Fig. 2 , there were 1,934 bp of DNA between the inverted repeats within which two ORFs were identified, both transcribed in the same direction. ORF 1 was 819 bp long and was predicted to encode a protein of 271 amino acids, while ORF 2 was 687 bp long and was predicted to encode a protein of 229 amino acids. Both ORFs were preceded by sequences similar to the ribosomal binding sites described for other staphylococcal genes (CGAGG and AGA AG for ORFs 1 and 2, respectively [25] ). Sequences flanking either end of the IS in each of four different locations were analyzed and are shown in Fig. 1 . There were no target site duplications, but each site had four thymines contiguous to the right end.
The DNA inserted at the deletion junction of the mecR1 gene in S. aureus COL was compared with the complete IS1272 nucleotide sequence of the element from S. haemolyticus Y176. There were 267 nucleotides between the deletion junction of mecR1 and the left inverted repeat of the IS (see reference 1; the GenBank accession number is L14017 for this nucleotide sequence). There were no sequences in the database that matched these 267 nucleotides, although this sequence contained an incomplete ORF. Its origin was not, therefore, obvious. The sequence in COL was identical to IS1272 for 1,584 bases, representing 82% of the complete IS. The IS was then truncated by sequences containing no ORF and no database homology.
Database searches for nucleotide sequence identity gave two interesting results. There was 88% nucleotide sequence identity between a 169-bp region in the right end of IS1272, as diagrammed in Fig. 2 , and a sequence just 3Ј to the gyrA gene and the gyr operon in S. aureus 601055 (4). These sequences do not seem to have any effect on gyr function. In addition, there was 81% identity between a 133-bp nucleotide sequence at the left end of IS1272 and DNA contiguous to lsp, the lipoprotein signal peptidase gene in S. aureus (36) .
The two ORFs in IS1272 were translated with the BLAST program of the Genetics Computer Group and compared with other translated-ORF amino acid sequences in the database. The only similarities were with two ORFs from a putative, partially characterized IS-like element found in Enterococcus hirae (30) (GenBank accession number U22540) . The sequences encoded by ORF 1 of the E. hirae element and ORF1,045-bp EcoRI fragment that included portions of both ORFs in the middle of the element. pJT1060, the left-end probe, contained a 401-bp fragment generated by PCR that included DNA just internal to the left inverted repeat, ending before the pGO198 probe DNA (nucleotides 115 to 516 in Fig. 2) . pJT861, the right-end probe, contained a 350-bp fragment that included DNA just internal to the right inverted repeat, also ending before the pGO198 DNA (nucleotides 1601 to 1951 in Fig. 2 ). Target chromosomal DNA was digested with ClaI, an enzyme that has two sites within the IS, both in pGO198. Thus, a single intact IS1272 element hybridizing with pGO198 would produce a 305-bp internal fragment and two junction fragments of various lengths depending on the location of the element in relation to the chromosomal ClaI sites. The leftand right-end probes would each hybridize with one of the two junction fragments seen with the pGO198 probe if the entire element were intact.
Hybridization with pGO198 produced multiple bands, including an intense 300-bp band representing the internal fragments, as seen in Fig. 3A . Since the left-and right-end probes each produced approximately half as many fragments as the pGO198 probe and superimposition of the pJT1060 and pJT861 autoradiographs yielded a banding pattern identical to that of pGO198, it was concluded that most, if not all, of the 25 to 30 copies of IS1272 in MR S. haemolyticus were intact (summarized in Table 1 ). The number of IS copies was approximated for each isolate by counting the bands produced with either the left-or right-end probes. However, because of the obvious comigration of hybridizing fragments, the number is only an estimate. Large chromosomal fragments of S. haemolyticus isolates resulting from SmaI digestion of genomic DNA were resolved by PFGE and probed with pGO198. At least five fragments in each isolate hybridized with the probe, indicating that IS1272 inserted throughout the genome (data not shown). As indicated by Fig. 3, IS1272 probes can also be used for the molecular epidemiologic study of clinical isolates. Nine S. haemolyticus isolates from different geographic locations in Canada were chosen to represent three groups of similar or highly related SmaI restriction fragment length polymorphisms (RFLPs), as demonstrated by PFGE (data not shown). There are IS1272 banding pattern differences within each PFGE group. This is possibly due, in part, to the presence of IS1272 sequences within plasmid DNA that is included in genomic DNA preparations and would not be seen with PFGE. However, the IS1272 RFLP patterns may provide additional sensitivity for the marking of S. haemolyticus isolates of clinical relevance.
In contrast to S. haemolyticus, few of the hybridizing bands in S. epidermidis or S. aureus isolates represented intact IS1272 elements. As shown in Fig. 3 and detailed in Table 1 , the right-end probe hybridized with far more fragments in MR S. epidermidis isolates than did the left-end probe. In contrast, MR S. aureus commonly hybridized with only the left-end and middle probes and less often had fragments hybridizing with the right-end probe. As described previously (1), most of those S. aureus isolates hybridizing with pGO198 were found among MS isolates had fewer bands hybridizing with IS probes. MS S. haemolyticus had fewer inserted elements, but all appeared to be intact. Half of the MS S. epidermidis isolates had only a single band that hybridized with the right-end probe, while the rest had multiple bands resembling the pattern seen with MR isolates; only a single isolate hybridized with the left-end probe. None of the MS S. aureus isolates hybridized with any IS1272 probes.
A final probe was used to investigate the origin of S. aureus COL DNA between the mecR1 deletion point and the left IS1272 inverted repeat. A 152-bp HindIII-BglII fragment was cloned as pJT1057 ( Fig. 1 ) and used as a probe against all of the target DNA previously probed with IS1272 DNA. A single 1.35-kb band hybridized in those S. aureus and S. epidermidis isolates previously found to have the specific COL-type mecR1 deletion. There were no additional hybridizing bands in these two species and no hybridization of any kind in S. haemolyticus.
DISCUSSION
The element that we describe in this report has been given an IS designation because of its structural similarity to other well-characterized IS elements and the presence in S. haemolyticus of identical copies at multiple chromosomal locations covering the genome. Experiments were not performed to demonstrate functional mobility, and there were no target site duplications flanking the element at any of four sequenced insertion sites. However, the absence of target site duplications is frequently found flanking IS copies, suggesting either a transpositional mechanism that does not involve staggered cleavage points in target DNA or postinsertional rearrangements (14) .
Unlike IS elements currently found to be resident in staphylococci that have a single ORF, IS1272 had two tandemly aligned ORFs that were present in each of the four sequenced copies. Comparison of the amino acid sequences predicted to be encoded by the two IS1272 ORFs with the database revealed neither similarity to protein sequences predicted to be encoded by other well-characterized IS ORFs nor similarity to functional motifs. However, there was striking amino acid identity over short stretches between proteins predicted to be encoded by IS1272 ORFs and those from a partially characterized, putative IS element from E. hirae (30) . This is particularly interesting because of the structural similarity of PBP 2a, the high-molecular-mass, low-affinity penicillin-binding protein VOL. 40, 1996 INSERTION SEQUENCE-LIKE ELEMENT FROM S. HAEMOLYTICUS 927 of staphylococci that is necessary for methicillin resistance, and two high-molecular-mass, low-affinity penicillin-binding proteins of E. hirae (11, 26) . The finding of identical antibiotic resistance genes in enterococci and staphylococci (16, 24, 34) further suggests that genetic exchange occurs between members of these genera and that IS1272-like elements may be resident in both. We found evidence of widespread dissemination of IS1272 among different species of staphylococci. However, while the element appeared to be intact at virtually all of the many insertion locations in S. haemolyticus, it usually contained deletions in S. epidermidis and S. aureus. The left end was missing in most of the S. epidermidis copies, while the most prominent copy in S. aureus, found within mec DNA, had the right end deleted. In addition, short regions of partial homology near the gyr and lsp genes in S. aureus were found only by database searches; no hybridization was seen at high stringency in MS S. aureus isolates that were likely to have carried these sequences. Many more short fragments of the element that would be detected only by hybridization at low stringency may be present in S. aureus. It is, therefore, reasonable to assume that S. haemolyticus was one of the definitive hosts for the element, while it was only secondarily acquired by S. epidermidis and S. aureus. The deletions may indicate that the entire IS1272 element is either unstable in or deleterious to the latter hosts. Alternatively, parts of the element may have been acquired only in the context of larger fragments of DNA rather than as intact mobile elements. Multiple copies may have arisen by intergenomic rearrangements. All of these observations confirm the widespread dissemination of genetic material among staphylococci of different species.
We previously reported finding a truncated copy of IS1272 within DNA inserted at the point of a mecR1 deletion in both S. aureus and S. epidermidis (1) . The identical nucleotide sequences of both the deletion junctions and the inserted DNA in these two species further confirmed the interspecies transfer of mec DNA. Furthermore, because there were multiple copies of the element in S. epidermidis and S. haemolyticus, while most MR S. aureus isolates had a single copy in mec, we postulated that the flow of mec DNA was from coagulasenegative to coagulase-positive staphylococci. The recent evidence that the gene encoding trimethoprim resistance in S. aureus arose from the normal chromosomal dihydrofolate reductase gene in S. epidermidis (8) further supports the contention that coagulase-negative staphylococci are reservoirs for antibiotic resistance genes that are eventually found in S. aureus. However, the original species in which the IS1272 transposition event that gave rise to the mecR1 deletion occurred is not clear. There were 267 bases of unidentified DNA between the mecR1 deletion point and the left end of IS1272. Therefore, the initial IS1272 insertional event occurred at a different DNA locus, with the interruption of mecR1 occurring as a secondary rearrangement. Since the 267 bases of intervening DNA did not hybridize with DNA from S. aureus, S. epidermidis, or S. haemolyticus, the species of origin of the original transpositional event and, presumably, of mec DNA is not one of these three.
There were many more copies, both intact and containing deletions, of IS1272 in MR than in MS staphylococci. While the association of this element with antibiotic resistance in staphylococci was not specifically investigated, it should be sought in future studies. Other IS elements have been shown to provide mobility (5, 32) and increased antibiotic resistance gene expression (18) in staphylococci. The ubiquitous nature of IS1272 sequences in different multiresistant staphylococcal species suggests that a role in antibiotic resistance gene mobility or function is likely.
IS1272 probes produced a variety of RFLPs in staphylococcal isolates. The IS probes were useful in differentiating among FIG. 3 . Autoradiograph of genomic DNA from MR staphylococcal isolates that were digested with ClaI and probed with 32 P-labeled probes. (A) Target S. haemolyticus isolates were probed with pGO198 (Fig. 1) . Lanes contained DNA from various isolates, as follows: 1, 89; 2, 313; 3, 512; 4, Tor35; 5, 486; 6, 27718; 7, 176; 8, 177; 9, 194. Isolates in lanes 1 to 3, 4 to 6, and 7 to 9 had related RFLP patterns as determined by PFGE of SmaI-digested DNA (data not shown). These isolates were from the blood of infected neonates hospitalized throughout Canada and at the Mount Sinai Hospital in Toronto between 1988 and 1993. The hybridizing band at the very bottom of the panel is the 300-bp internal fragment. Target staphylococcal isolates were probed with either pJT1060, the left-end probe (B), or pJT861, the right-end probe (C). Lanes 1 and 2, S. aureus COL and BMS1, respectively; lane 3, S. haemolyticus Y176; lanes 4 through 10, 4 S. epidermidis 26, 5, 15, 23, 26, 43 , and 49, respectively. S. epidermidis and S. haemolyticus isolates that had been previously grouped by SmaI PFGE patterns. The same pulsotypes were grouped by IS1272 RFLP patterns, but small differences in RFLP banding were also noted within pulsotypes. Other IS and transposon probes have been useful for doing epidemiologic studies with staphylococci (17, 21, 33) . The ubiquitous nature and number of inserts of IS1272 in S. epidermidis and S. haemolyticus, particularly those isolates that are multiresistant, make IS1272 probes attractive candidates for use in performing molecular epidemiologic studies of isolates of epidemiologic significance.
